We report the synthesis of Y-substituted Mg-Zn [Mg 0.5 Zn 0.5 Y x Fe 2-x O 4 (0 ≤ x ≤ 0.05)] ferrites using conventional standard ceramic technique. The samples were characterized by X-ray diffraction (XRD) analysis, field emission scanning electron microscopy (FESEM), FTIR spectroscopy, UV-Vis spectroscopy and quantum design physical properties measurement system (PPMS).XRD patterns confirm the single phase cubic spinel structure up to x = 0.03 and appearance of a secondary phase of YFeO 3 for higher Y contents. FESEM images depict the distribution of grains and EDS spectra confirmed the absence of any unwanted element.
due to their potential applications in industry and in research field. Elastic constants are closely related to many important physical properties of solids, for instance acoustic-phonon vibration and internal stress, Debye temperature. This type of study provides the information about bonding nature within the materials. Also to understand the thermal properties and minimum changes in devices performance with mechanical shock, temperature, vibration, etc. during the manufacturing and testing of ferrite materials [26] Due to the mentioned interest the study of mechanical properties have already been considered by researchers [26] [27] [28] [29] . Moreover, the study of magnetic properties of Mg-Zn/other ferrites have also been usually limited in range of room temperature to as low as 4 K [30] . But the most technological uses of these ferrites are either at or above room temperature. The hysteresis loop, magnetization as well as magnetic moment are strongly dependent on operating temperature. The room temperature measurement of magnetic properties cannot provide exact behavior of magnetic material at higher temperature since the temperature dependent magnetic behavior is highly non-linear. Therefore, to design a magnetic device using soft ferrites, thermal effects on magnetic properties need to be considered [31] [32] .
This prospect also motivates the researchers and some reports on the high temperature magnetic
properties also available [30, [33] [34] . Furthermore, the study of dc electrical resistivity provides important information regarding suitability of materials in high frequency application. In addition, determination of band gap of semiconducting materials is very important for their practical application. Therefore, the present paper reports the investigation of mechanical properties, high temperature magnetic properties along with FTIR spectra and UV-Vis measurement of Mg-Zn ferrites.
Mg-Zn ferrites have been subjected by a large number of research group to modify the different properties using different synthesis routes and conditions [12, 14, [35] [36] [37] [38] [39] [40] [41] [42] [43] [44] [45] [46] [47] [48] [49] , where some of them are dealt with tailoring electrical properties and/or magnetic properties of Mg-Zn ferrites. The motivation of our present research is to enhance the electrical resistivity of the Mg-Zn ferrites by Y 3+ substitution for Fe 3+ with favorable magnetic properties that is one of the significant characteristics of ferrites for applications in high frequency devices. Melagiriyappa et al. [35] have been studied the electrical properties of Sm substituted Mg-Zn ferrites where increased of electrical resistivity has been reported. The initial permeability and saturation magnetization (M s ) are focus and the variation is also being explained with the variation of Cu contents as well as density of the samples [36] . Mn substituted Mg-Zn ferrites have been investigated by Mohseni et al. [37] in which the structural, vibrational, micro-structural and magnetic properties are considered. The increase in M s and decrease in coercivity due to Mn substitution is reported. The effect of Cr 3+ substitution in the Mg-Zn ferrite has been studied by Haralkar et al. [42] and Xia et al. [43] ; they have reported on the decrease of M s with Cr contents. Mukhtar et al. [48] have investigated the Pr substituted Mg-Zn ferrites where the samples are characterized by XRD, FTIR spectroscope, SEM, EDX and VSM measurements. The decrease in M s and increase in coercive field (H c ) has been reported with increase in Pr contents. The improvement in Magnetic properties of Mg-Zn ferrites by Co substitution has also been reported [45] . Recently, the effect of Y substitution on the electrical resistivity and magnetic properties of different ferrites has been reported [34, [50] [51] [52] [53] [54] [55] [56] . But to the best of our knowledge, Y is not considered as a substituent in the Mg-Zn ferrites yet. We have studied the effect of Y substitution on structural properties, morphological study, ac conductivity, dielectric properties, permeability and room temperature magnetic properties of Mg-Zn ferrites and results are available elsewhere [57] .
Therefore, in this article, FTIR spectroscopy, mechanical properties, dc resistivity, UV-Vis spectroscopy and temperature dependent magnetic properties of Y-substituted Mg-Zn ferrites prepared from nano-sized raw materials have been presented for the first time.
Materials and methods
A series of Mg 0.5 Zn 0.5 Y x Fe 2-x O 4 (0 ≤ x ≤ 0.05) ferrites, in the steps of 0.01, have been synthesized using analytical grade nano-sized materials by conventional ceramic technique. The use of nano powders as raw materials is inspired by successful completion some other projects that can be found elsewhere [58] [59] [60] [61] . The detail of the sample preparation is presented elsewhere [57] . The sample preparation method comprises the following operations as shown in Fig. 1 . The X-ray diffraction (XRD) spectra of the prepared samples has been recorded by a PHILIPS X'Pert PRO X-ray diffractometer in the range 2θ = 15-70 0 using Cu K α radiation (λ = 1.54 Å). The microstructure images have been taken by the Field Emission Scanning Electron Microscope (FESEM) (model: JEOL JSM-7600F) equipped with an energy dispersive spectrometer (EDS). A PerkinElmer FTIR spectrometer has been used to compute the Fourier Transform Infrared (FTIR) spectra using the attenuated total reflection (ATR) technique in the range 400-1000 cm -1 .
Elastic properties were calculated using FTIR data along with structural parameters. For dc electrical resistivity measurements, the as-prepared powders were pressed to pellet (diameter 8.4 mm, thickness 2.4 mm) and sintered. Conductive silver paint was applied and two probe method was used to measure the dc electrical resistivity. Temperature dependent M vs H curves and magnetic moment measurement were done by a Quantum Design PPMS VSM magnetometer. [62] . This type of secondary phase is also shown in case of Y substitution in other ferrites [55] [56] . The structural parameters have been calculated using the XRD data and can be found elsewhere [57] . 
Results and discussion

Phase analysis
Microstructure study
The physical properties, especially the magnetic properties, are sensitive to the microstructure of ferrites and by manipulation of microstructure the properties can also be tailored. Table 1 ] and found in good agreement with other reported results [14] . (b) x=0.01 (a) x=0.00
FTIR spectroscopy
FTIR spectra of ferrites generally exhibit two major peaks for the M-O vibrations at A-and Bsub-lattice [63] . Fig. 5 illustrates the FTIR spectra of the considered ferrite compositions in which two major peaks are noted within the expected range of frequency: 365 to 1100 cm -1 . Table 2 shows the peaks points for the studied compositions, the completion of solid state reaction has been confirmed from the position of the band within the expected range of frequency for ferrites with spinel structure [64] . The bands at higher frequency (ν 1 = 560 cm -1 ) 
Mechanical properties
The stability and bonding characteristics among the adjacent atomic plane can be understood from the stiffness constants. For cubic crystal system, there are three stiffness constants: C 11 , C 12 and C 44 . The FTIR spectroscopy data can be used to determine the stiffness constant, elastic constants and Debye temperature etc. [66, 67] . The equations used to calculate C 11 is given by [ Table 2 ] from FTIR spectra using the following equation [ . The obtained values of C ij [ Table 3 ] confirmed that the ferrites compositions under consideration satisfy the Born criteria for mechanical stability [71, 72] : 11 − 12 > 0; 11 + 2 12 > 0; 44 > 0. Therefore, the synthesized compositions are mechanically stable. The stiffness constant C 11 represents the elasticity of length and provides the stiffness of materials along the (100) direction while the constants C 12 and C 44 born the elasticity in shape. The variation in stiffness constants with Y contents is shown in Fig. 6 (a) . The values of C 11 and C 12 increase up to x = 0.02 and then C 12 gradually decreases while C 11 decreases up to x = 0.04 and increases further. The improvement in C 11 and C 12 endorse the good solubility of Y ions into B-sites and strengthen of the inter-atomic bonding. While the decline trend in C 11 and C 12 curves indicates the decrease in crystallization process. Microstructure images [ Fig. 3 ] also ratify the crystallization of prepared samples. In this case, the variation in C 11 and C 12 and bulk density [ Table 3 ] may be attributed from the variation of grains size that can be observed from Table 3 , an insignificant variation is observed. Table 3 
Table 3
The The calculated sound velocities mentioned are presented in Table 3 along with the calculated Θ D .
It is observed [ Table 3 ] that the transverse sound velocity is lower than the longitudinal sound velocity. Energy is transferred from particle to particle by vibration of particle during propagation of wave through a medium. During the propagation of transverse wave, the vibration of particle is at right angles with the direction of wave transmission, caused a higher energy requirement to vibrate the adjacent particle. As a result the energy of the wave reduced and hence the velocity of transverse wave is lower than the longitudinal wave and is roughly half of longitudinal wave velocity [80] . Fig. 7 illustrates the variation of Θ D with Y contents in which it seen that the Θ D decreases with Y contents up to x = 0.02 and then increases with Y contents.
The similarity in the variation of sound velocities and Θ D is observed similar to other ferrites [26, 73, 76] . The variation of Θ D roughly follows the variation of rigidity modulus [76] as can be shown in Fig. 6 (b) .
dc resistivity
High resistivity of ferrites is essential for most electronic application and therefore, the study of area and thickness, respectively of the pellet. The value of is noted to increased due to Y substitution unlike for x = 0.01 ( Fig. 8 (a) ), can be explained by Verwey mechanism based on electrons exchange involving the ions of the element with different valence states positioned octahedral (B-site) [81] [82] . In the present case, the Fe 2+ and Fe 3+ is responsible for the conduction because of the hopping tendency between them [83, 84] and the Fe 2+ ions are the product of sintering process [42] . The value of is found to be 0.45 × 10 5 Ω-cm for x = 0 and 0.40 × 10 5 Ω-cm, 1.57 × 10 6 Ω-cm, 1.78 × 10 6 Ω-cm, 2.19 × 10 6 Ω-cm and 1.43 × 10 6 Ω-cm for x = 0.01, 0.02, 0.03, 0.04 and 0.05, respectively. Fig. 8 (a) clearly indicates the increase in resistivity for substituted composition (except for x = 0.01) where the resistivity decreases slightly. The ac resistivity was found to decrease for x = 0.01 [57] . between Fe 3+ and Fe 2+ , therefore, the degree of electrons change (Fe 2+ ↔ Fe 3+ ) is reduced and consequently the resistivity is increased. The resistivity of materials greatly depends on its microstructure: the porosity and the distribution of grains. The lowering of resistivity for x = 0.05 contents may be explained using the microstructure [ Fig. 3(f) ] of substituted compositions and the improved connectivity between the grains [85] . From Fig. 3 (d-e) , it is seen that the grains distribution are more homogeneous for x = 0.05 than that for x = 0.03 and 0.04; and expected to have the improved connectivity between the grains. Therefore, a slight decrease in resistivity is also expected. band gap is found to be increased due to the Y substitution that is consistent with the Ysubstituted Co ferrites [53] . The variation in band gap indicates the change in structural parameters attributed from the change in Y contents [53] . The band gap enhancement is associated with the variation of dc resistivity [ Fig. 8 (b) ].
Magnetic properties
High temperature magnetic properties mapping
The magnetization vs applied magnetic field (upper part of hysteresis loops) at different measuring temperatures, as shown in Fig. 9 (a-f), exhibiting typical magnetic nature at elevated temperature, revealing the existence of magnetic ordered structure near T c (in section 3.7.3).
Beyond T c , destruction of magnetic order is also observed i.e., transition from ferrimagnetic (below T c ) to paramagnetic (above T c ) nature. It is [ Fig. 9 (a-f) also expected that the coercivity (H c ) and remanent magnetization (M r ) decrease with increasing temperature and tend to be zero near T c . It is very important that the ferrimagnetic ordered structured remains up to T c indicating the suitability of these materials to use them at higher temperature. Fig. 9 (a-f Fig. 10 (a) for different Y contents at different temperature. The variation of M s with Y contents has been explained elsewhere [57] . A decrease in the M s with increasing temperature is observed due to more randomness of magnetic moments that attributed from the increase in thermal energy. A change in site occupancy of cation may also induce due to thermal fluctuation; results reduced M s at higher temperatures. 
Y contents
nge interactions inside these samples. compounds. These local distortions and inhomogeneities lead to a distribution in the exchange energies. Within the mean-field approximation, the Curie temperature is directly proportional to the exchange energy [87] . Structure specific corrections often lower the theoretically predicted transition temperature, but this link between transition temperature and exchange energy remains valid. Within this framework, width of the magnetic transition is directly related to the distribution and homogeneity of atoms inside the solid. Therefore, different transition widths in the Y substituted compounds reflect the distribution and inhomogeneity of the exchange interactions inside these samples.
Curie temperature
The magnetic moment and initial permeability and hence the magnetic properties are very sensitive to temperature. Both exhibit an abrupt dropping near the transition point from ferrimagnetic to paramagnetic state. Therefore, the Curie temperature (T c ) has been measured by applying the two basic characteristics: (i) the samples are subjected to an applied magnetic field of 1000 Oe and the magnetic moment is calculated at different temperature. The heating rate is kept slow to avoid the nucleation and particle growth at elevated temperatures. The variation of magnetic moment with temperature is shown in Fig.10 (b) where the magnetic moment is found to decrease with increasing temperature as expected and tends to zero at different measuring temperature for different compositions. The T c value is then calculated from the first derivative of magnetic moment against temperature graph, Fig. 10 (c) . Moreover, the T c is also calculated from the temperature dependent initial permeability, µ i plot as shown in Fig.11 (a) . A peak, also known as Hopkinson peak, is observed from the graph where the value of initial permeability dropped sharply. The characteristic temperature at which the peak observed is known as the T c where the spin magnetic moments are completely disordered and the conversion from ferrimagnetic to paramagnetic materials is taken place. The obtained T c is found to be decreased with the Y substation. The value of T c depends on the cation distribution on A-and B-site and the exchange coupling constant [53] . The coupling constant due to exchange interaction between ions in sub-lattice (A and B) is much stronger than the coupling constant due to exchange interaction among the ions in the same sub-lattice sites (A/B). The substitution of Y ions in the spinel structure leads to increase in the bond lengths and distance between ions presents at the Aand B-sites that results a decrease in exchange constants and hence the T c values [53] . The T c value for the Mg 0.5 Zn 0.5 Fe 2 O 4 (x = 0.00) is obtained from the M-T graph and µʹ i -T graph and found to be 77°Cand 75°C, respectively which is higher than that of (T c ~47°C) reported by Khot et al. [88] and Hashim et al. [44] and lower than that of (T c ~97°C) obtained by Mazen et al. [89] . 
Phase transition
In section 3.7.1, the ferrimagnetic to paramagnetic phase transition has been observed and the transitions temperatures have also been obtained (section 3.7.2). The determination of the nature of phase transition (first or second order) is also significant. The Arrott plot (M 2 (emu/g) 2 against H/M (Oe.g/emu)) has been used to see the nature of phase transition. Banerjee [90] has proposed the criteria for first and second order transition. The positive slope of Arrott plot indicates the second order phase transition otherwise the transition is first order. The curves intercept at M 2 (Y-axis) indicate the presence of spontaneous magnetization while the curve passing through the origin measure the T c [91] . Fig. 12 (a-f) illustrates that the second order phase transition has been occurred in the prepared samples. It is also observed that the spontaneous magnetization is Very close values of T c obtained from the M-T and µʹ i -T is noticed which is decreased due to the weakening of exchange coupling constant with Y substitution. The second order phase transition (ferrimagnetic to paramagnetic) has been occurred. The prepared ferrites are suitable for high frequency application as well as at temperature higher than room temperature (up to T c ).
